Starting from a deformed AdS 5 space due to the presence of a modified warp factor in the metric tensor of such space, we use the AdS/CFT correspondence within this model to calculate the spectra for even and odd glueballs, scalar and vector mesons, and baryons with different spins. For the glueball cases we derive their Regge trajectories and compare with the ones related to the pomeron and the odderon. In the case of the scalar and vector mesons and baryons the masses found here are compatible with the PDG. In particular for these hadrons we found Regge trajectories compatible with another holographic approach and also with the hadronic spectroscopy which present an universal Regge slope around 1.1 GeV 2 .
Introduction
Quantum Chromodynamics (QCD) is a non-abelian quantum field theory and it is the appropriate theory to deal with the strong interactions. Although its enormous success in high energies, it is very difficult to use QCD to investigate processes that occur at low energies (IR regions) because the failure the perturbative approach in this case. This peculiar feature of the QCD is related to the fact that it is a confining theory in the IR, implying that only bound states of quarks or gluons are observed.
Hadronic spectroscopy still remains an amazing field to apply new approaches in order to extract information about the hadronic properties once we can compare our results with the experimental data. Many works were done in order to study hadronic spectroscopy using AdS/CFT correspondence.
Among several techniques to handle it there is one that emerged in 1997 proposed by Juan Maldacena called Anti de Sitter/Conformal Field Theory or AdS/CFT correspondence [1] [2] [3] [4] [5] . This correspondence is very useful, once it teaches us how to relate a weak coupling theory represented, in this case, by a superstring theory in a ten dimensional curved space, named AdS 5 × S 5 with a strong coupling theory, in this case, a super conformal Yang-Mills theory, with extended supersymmetry N = 4, symmetry group SU (N → ∞) in a flat four dimensional Minkowski space.
Even so, one cannot used directly the AdS/CFT correspondence to reproduce QCD, since it is not a conformal theory.
Some proposals appeared to break the conformal invariance and build effective theories known as AdS/QCD models, as for example, the hardwall model. In this model the conformal symmetry is broken via an introduction of a hard IR cutoff at a certain value z max of the holographic coordinate z and just considering a slice of AdS 5 space in the interval [0, z max ] [6] [7] [8] . For the achievement related the hadronic spectroscopy within the hardwall model one can see, for instance [9] [10] [11] [12] [13] [14] .
Another example of breaking the conformal invariance is given by the softwall model. In this model one uses a soft IR cutoff via an introduction of a dilaton field in the action. Such approach was proposed in [15] in order to study the mesonic spectroscopy. Usually one refers to this model as the original softwall model. Soon after, other modifications of this model to deal with hadronic spectroscopy were considered, for instance, in [16] [17] [18] [19] [20] [21] [22] [23] [24] . Going further in some modification the Refs. [25] [26] [27] [28] [29] instead of the introduction of a dilation in the action, a modified warp factor in the AdS metric was considered. Particularly, in [25] such modification was proposed to study hadronic spectroscopy, in [26] [27] [28] the modification was used to discuss the quark-antiquark potential and in [29] to deal with scalar and tensor glueballs.
Here, inspired in [25, 26] , we will consider a modified warp factor in the AdS 5 metric instead of introducing a dilaton field in the action. In this sense, in our set up we are considering a deformed AdS background. Then, we compute the hadronic spectra for different particles within this model. This work is organized as follows. In section 2 we will present a brief review of the original softwall model and our deformed AdS background. In section 3 we apply our model to the even and odd spin glueball states. In section 4, we study the case of scalar mesons obtaining their spectra. In section 5 we will calculate the hadronic spectra for the vector mesons and in section 6 for the baryonic case with spins 1/2, 3/2 and 5/2. For those particles we also obtain the corresponding Regge trajectories. In particular, for the glueballs we derive the Regge trajectories related to the pomeron and the odderon. Finally in section 7 we will present our conclusions and last comments.
The Softwall Model and the Deformed AdS Set Up
There are, at least, two interesting reasons for the emergence of the Softwall model. The first one is related to the introduction of the soft IR cutoff instead a hard cutoff like the hardwall model, since this approach seems to be more natural than the other one. The second reason lies in the fact that softwall model really provides linear Regge trajectories, which was already a known behavior since the beginning of hadronic spectroscopy, so that excitation n and its squared hadron masses, given by:
with β and β 0 constants. In the original formulation of the original softwall model, the action of the fields, up to some constant, is described by:
where Φ(z) is the dilaton field, usually given by Φ(z) = kz 2 , with |k| ∼ Λ 2 QCD , and L is the Lagrangian density.
The main difference between the original softwall and the present work is that here we modify the AdS 5 metric tensor using an exponential warp factor for all glueballs and hadrons. One should note that in Ref. [25] the authors have used different warp factor profiles, usually logarithm ones, for each hadronic sector.
As we are using the same warp factor profile in the AdS space for all glueballs and hadrons we are calling this approach here, as mentioned before, as a deformed AdS 5 background. Then, we write the deformed AdS 5 metric as:
where R is the usual AdS radius (from now on we take R = 1 throughout this text), η µν is the flat Minkowski space metric tensor in four dimensions with signature (−, +, +, +), z is the holographic coordinate and x m = (z, x µ ) for µ = 0, · · · , 3. The warp factor A(z) in (2.4) can be read as:
Now, in our model the action for the fields is simply:
where g is the determinant of the five-dimensional metric tensor presented in (2.4).
Hadronic Spectra for glueballs states
Let us start this section quoting Fritzsch and Gell-Mann as pointed out in Refs [30, 31] . So that, "If the quark-gluon field theory indeed yields a correct description of strong interactions, there must exist glue states in the hadron spectrum". This sentence does really reveals the importance of those "glue states" nowadays called glueballs. Glueballs are colorless bound states of gluons predicted by QCD but not detected so far. Glueballs are characterized by J P C where J (even or odd) is the total angular momentum, P is the P −parity (spatial inversion) and C = is the C−parity (charge conjugation) eigenvalues. For the glueballs case P = (−1) L and C = (−1) L+S .
Many experimental efforts in order to search for glueballs were done as one can see for instance in [32] [33] [34] [35] . Within the theoretical and non-holographic approaches, one can see for instance in [36] [37] [38] [39] [40] [41] . On the other hand, for the holographic approach, one can see [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] .
Here in this work based on a deformed AdS space, as discussed in the previous section, we will compute the masses of the even spin glueballs with P = C = +1 and odd spin glueballs with P = C = −1. Even spin glueballs with P = C = +1 are specially interesting since in the Chew-Frautschi plane, their states lie on the Pomeron Regge trajectory. On the other hand, odd spin glueballs with P = C = −1 lie on the odderon Regge trajectory.
After this quick digression about glueballs we will start our calculation using the standard action for a massive scalar field X in 5D space, given by:
From the action (3.1) one can find the following equations of motion, so that:
The equations in (3.2) can be written as:
with the warp factor A(z) given in (2.5). Now, defining B(z) = −3A(z), one has:
Next, we use a plane wave ansatz with amplitude just depending on the z coordinate and propagating in the transverse coordinates x µ with momentum q µ ,
5)
After some algebraic manipulation and defining v(z) = ψ(z)e B(z) 2 one has a "Schrödingerlike" equation:
with B(z) = −3A(z) and E = −q 2 are the eigenenergies.
Results for even and odd spin glueball spectra
In order to compute the glueball masses one has to solve numerically the Eq.(3.6). To do this, firstly from the AdS/CFT dictionary we know how to relate the masses of supergravity fields in AdS space (M 5 ) with the scaling dimensions of an operator in the boundary theory (∆), so that: where p is the index of a p−form. For the case of the scalar glueball 0 ++ one has p = 0.
Besides the scalar glueball is dual to the fields with M 5 = 0, then its conformal dimension is ∆ = 4.
Secondly is also known that the scalar glueball state is represented on the boundary theory by the operator O 4 , given by:
(3.8)
In order to raise the total angular momentum J we will follow [11] by inserting symmetrised covariant derivatives in a given operator with spin S, such that, the total angular momentum after the insertion is now S + J. In the particular case of the operator O 4 = Tr F 2 , one gets:
with conformal dimension ∆ = 4 + J. For J = 0 we recover ∆ = 4. So, for even spin glueball states after the insertion of symmetrised covariant derivatives, one has: M 2 5 = J(J + 4) ; (even J) . Solving Eq.(3.11), for even glueball states, one gets the four dimensional masses presented in Table 1 .
From Table 1 we plotted a Chew-Frautschi plane here represented as m 2 × J, where J is total angular momentum and m 2 is the squared even glueball mass represented by the dots in figure 1. From a standard linear regression method we obtain the equation
representing an approximate linear Regge trajectory associated with the pomeron in agreement with [52, 53] . On the other hand, for odd glueball states, the operator O 6 that describes the glueball state 1 −− is given by:
which has conformal dimension ∆ = 6 and after the insertion of symmetrised covariant derivatives one gets: The dots correspond to the masses found in Table 1 for even glueball states within the deformed AdS 5 space approach .
Odd Glueball states with ∆ = 6 + J. Now one has: 
Solving Eq.(3.16) for odd glueball states, one gets the four dimensional masses presented in Table 2 . From Table 2 we plotted a Chew-Frautschi plane m 2 × J in figure 2 for odd spin glueballs. From a standard linear regression method we obtain the equation
in agreement with [54] , within the nonrelativistic constituent model. One should note that the value for the constant k in the warp factor A(z) for even spin glueball represented by k gbe and for odd spin glueball represented by k gbo have the same numerical value k gbe = k gbo = 0.31 2 GeV 2 . Table 2 within the deformed AdS 5 space approach for odd spin glueballs.
Hadronic Spectra for scalar mesons
Mesons are a bound states between a quark and an antiquark which can be represented by a spin singlet with total spin S = 0 or a spin triplet with total spin S = 1. Besides one has to take into account the coupling between S and the orbital angular momentum L producing a total angular momentum J = L in the case of the singlet state, and J = L − 1, L, L + 1 in the case of the triplet state. From mesonic spectroscopy [55] , mesons are characterized by I G (J P C ), where I is the isospin, G is the G-parity defined G = (−1) I = ±1, P is the P -parity defined for mesons as P = (−1) L+1 . Finally, C is the C-parity defined as C = (−1) L+S . On the boundary theory scalar mesons are represented by the operator:
where J is the total angular momentum.
In this section we are interested in light scalar mesons meaning J = 0 and unflavored (S = C = B = 0).
Within the holographic approach the description of the scalar glueball (gg) and the scalar meson (qq) is the same, but the main difference is given by the bulk mass, defining the hadron identity. Then, to study the scalar meson one has to start from action for a massive scalar field (3.1) which will leads us to the "Schrödinger-like" equation (3.6).
Results for scalar mesons spectra
Using again the relationship M 2 5 = (∆ − p)(∆ + p − 4), now identifying M 5 with the scalar meson bulk mass, the index of the p−form with the total angular momentum (p = J = 0) Table 3 . Masses of light unflavored scalar meson f 0 (S = C = B = 0). The column n = 1, 2, 3, · · · represents the holographic radial excitation of the scalar mesons. The ground state here is represented by n = 1. The column M exp represents the experimental data coming from PDG [56] . The column M th represents the masses obtained within the deformed AdS 5 space approach using Eq. for the scalar meson and ∆ with their conformal dimension, which is ∆ = 3 since each quark contributes with 3/2. Finally one can rewrite Eq.(3.6) with M 2 5 = −3 as:
where B(z) = −3A(z). Solving numerically (4.2) with the warp factor constant k now identified with k sm = −0.332 2 GeV 2 we get the masses compatible with the family of the scalar meson f 0 , with I G J P C = 0 + (0 ++ ), as can be seen in table 3. Note that the error presented in last column of Table 3 (%M ) is the error defined by:
where δO i are the deviations between the data (M exp ) and the model prediction (M th ).
Throughout the text, in the cases where the experimental data comes as an interval, as the f 0 (1370) state, we use the the average value of the interval to evaluate the deviations. We also compute the total r.m.s error defined by: 4) where N and N p are the number of measurements and parameters, respectively. From (4.4) one finds that δ rms = 3.77% for table 3.
From Table 3 we plotted a Chew-Frautschi plane here represented as n × m 2 , where n is holographic radial excitation and m 2 is the squared scalar meson mass represented by the dots (our model) or squares (PDG) in figure 3. From a standard linear regression Our Model PDG Figure 3 . Scalar meson f 0 family squared masses as a function of their holographic radial excitation n obtained within the deformed AdS 5 space approach (dots) and coming from PDG (squares), as presented in Table 3 .
method we obtain the experimental and theoretical Regge trajectories for the scalar meson f 0 family, so that:
The authors in Refs. [57, 58] within a holographic softwall model also computed the masses for f 0 meson family and derived its Regge trajectory slightly different from Eq. (4.6). This can be possible explained since the data selection scenarios in these references are different from the current work. In these references it was included the scalar meson f 0 (500), and possibly, this might cause the slightly difference of the slope and the intercept if compared to ours.
In order to connect our results with the mesonic spectroscopy data [55, [59] [60] [61] we can split the isoscalar states f 0 into two sets. The first set, namely set 1, is related to the nn = (uū+dd)/ √ 2 states which is represented by f 0 (980), f 0 (1500), f 0 (2020) and f 0 (2200). The second set, namely set 2, is related to ss states also called f 0 , which is represented by f 0 (1370), f 0 (1710), f 0 (2100) and f 0 (2330).
Using the states that belong to set 1 we can plot a Chew-Frautschi plane here represented as n r × m 2 , where n r is spectroscopy radial excitation and m 2 is the squared scalar meson mass represented by the dots (our model) or squares (PDG) in figure 4 . From a standard linear regression method we obtain the experimental and theoretical Regge trajectories for set 1, given by: Our Model PDG f0 (980) f0 (1500) f0 (2005) f0(2200) Figure 4 . Scalar meson f 0 [nn = (uū + dd)/ √ 2] states belonging to set 1 (see the text) squared masses as a function of their spectroscopy radial excitation n r obtained within the deformed AdS 5 space approach (dots) and coming from PDG (squares).
Doing the same for the states belonging to set 2 we plot the figure 5 and obtain the experimental and theoretical Regge trajectories, given by: 
Hadronic Spectra for vector mesons
Vector mesons have the same internal structure (qq) as the scalar mesons but now with total angular momentum J = 1. They are represented on the boundary theory by the operator:
In the holographic description vector mesons are dual to the massive vector field in the AdS 5 , then one needs the action for massive vector field, given by: Our Model PDG f0 (1370) f0 (1710) f0 (2100) f0(2330) Figure 5 . Scalar meson f 0 [ss] states belonging to set 2 (see the text) squared masses as a function of their spectroscopy radial excitation n r obtained within the deformed AdS 5 space approach (dots) and coming from PDG (squares).
where the vector field stress tensor is defined as
The equations of motion are achieved by δS/δA n = 0, so that:
where B(z) = −A(z).
Considering a plane wave ansatz with amplitude just depending on the z coordinate and propagating in the transverse coordinates x µ with momentum q µ , we have
assuming A z = 0 and ν ν = η νλ ν λ = 1 is the unitary 4−vector defined in the transverse space to z coordinate, with components ν = 1/2(1, 1, 1, 1). We use the fact ∂ µ A µ = 0 that implies q µ µ = η µλ q µ λ = q · = 0 ensuring that the field can be written as a plane wave. Note that F zn = ∂ z A n and η mµ ∂ µ F mn = −q 2 A n . After some algebraic manipulation and defining v(z) = ψ(z)e B(z) 2 , one has the 'Schrödinger-like" equation, given by:
where E = −q 2 are the eigenenergies.
Results for vector mesons spectra
Here in this subsection we are going consider the case J = 1. Then recalling M 2 5 = (∆ − p)(∆ + p − 4), now identifying M 5 as the vector meson bulk mass, the index of p−form Table 4 . Masses of light unflavored vector meson ρ (S = C = B = 0) . The column n = 1, 2, 3, · · · represents the holographic radial excitation of the vector mesons. The ground state here is represented by n = 1. The column M exp represents the experimental data coming from PDG [56] . The column M th represents the masses obtained within the deformed AdS 5 space approach and using Eq. as total angular momentum (p = J = 1) for the vector meson and ∆ as the conformal dimension, which is ∆ = 3 since each quark contributes with 3/2. Finally one can rewrite Eq.(5.5) as:
with B(z) = −A(z) and M 2 5 = 0 for vector mesons. Solving numerically (5.6) with the warp factor constant k now given by k vm = −0.613 2 GeV 2 we get the masses compatibles with the family of vector meson ρ, with I G J P C = 1 + (1 −− ), as can be seen in table 4. Note that the error presented in last column of Table 4 (%M ) was definied in Eq.(4.3). We also compute the total r.m.s error defined by Eq. (4.4). For table 4 one finds δ rms = 7.87%.
From Table 4 we plotted a Chew-Frautschi plane here represented as n × m 2 , where n is the holographic radial excitation and m 2 is the squared vector meson mass represented by the dots (our model) or squares (PDG) in figure 6 . From a standard linear regression method we obtain the experimental and theoretical Regge trajectories for vector meson ρ, so that: m 2 Exp = (0.720 ± 0.076) n − (0.223 ± 0.302) , (5.7)
We did not include the intercept in Eq. (5.8) because its value is very close to zero (≈ 10 −18 ). Note also that in Eq. (5.8) the uncertainty in the slope is very small indicating that this fit is practically a straight line. The authors in the Refs. [57, 58] within their holographic softwall model also computed the masses for ρ meson family and derived its Regge trajectory obtaining approximately the same value for the slope and intercept (considering the uncertainties) in relation to our result, Eq. (5.8). It is worthy to mention that the data selection scenarios in those references are different from the current work. In those references it was included the vector Our Model PDG Figure 6 . Vector meson ρ family squared masses as a function of their holographic radial excitation obtained within the deformed AdS 5 space approach (dots) and coming from PDG (squares), as presented in Table 4 .
meson ρ(1282) as the first radial excited state and it was excluded the vector meson ρ(1570) which the authors argue that it may be an OZI violating decay of the ρ(1700). If we assume the existence of the ρ(1282) as the first radial excitation (n = 2) of the ρ meson family, then the corresponding percentage error %M in Table 4 would be smaller as well as the δ rms error. As done for scalar mesons, one can resort to the mesonic spectroscopy data [55, [59] [60] [61] and note that all vector mesons listed in Table 4 are not in the same spectroscopic state, meaning that only ρ(770), ρ(1450), ρ(1900) and ρ(2150) belong to the S−wave represented by 1 3 S 1 , 2 3 S 1 , 3 3 S 1 and 4 3 S 1 , respectively. Here we have used the spectroscopic notation, such as, n 2S+1 r L J , where n r is the spectroscopy radial excitation. Using these states one can plot in a Chew-Frautschi plane here represented as n r × m 2 , where n r is the spectroscopy radial excitation and m 2 is the squared vector meson mass represented by the dots (our model) or squares (PDG) in figure 7 . From a standard linear regression method we obtain the experimental and theoretical Regge trajectories for vector meson ρ belonging to the S−wave, so that: [59, 62] .
As a comment, if we follow the original motivation for the softwall model, it could be natural to suppose k sm and k vm related to the string tension for the flux tube that connects Figure 7 . Vector mesons ρ belonging to S−wave (see the text) squared masses as a function of their spectroscopy radial excitation n r obtained within the deformed AdS 5 space approach (dots) and coming from PDG (squares).
the two quarks inside the meson. This information is contained in the confining part of thepotential, and it is, in principle, a spin independent term. Therefore, in the AdS/QCD models with dilatons in the action, the slope parameter should be universal for scalar and vector mesons, as it happens in the usual soft wall model [15, 42] . It is interesting to point out that k sm and k vm are related, namely 3k sm ≈ k vm . This quite interesting peculiarity possibly can be explained due to the fact that in the EOM for scalar mesons, Eq. 
Hadronic spectra for baryons
Within the quark model constituent baryons are particles with semi integer spin formed by a bound state of three valence quarks. Of course, here, we are disregarding more complex states of baryons composed by three quarks added to any number of quark and antiquark pairs, as for instance, in pentaquark states (). In this sense, one can use the following description for baryons, so that:
The three colors are represented by an SU (3) singlet, without dynamics and completely antisymmetric. The spatial wave function is related to O(6) and the spin-flavor wave function is related to the SU (6). For a review in baryon physics one can see for instance [63, 64] . Here, in this work we are interested in light baryons composed by u and d quarks with spin 1/2 and also with higher spins (3/2 and 5/2).
Within the holographic description of baryons are dual to the massive spinor fields in AdS 5 . Then let us start our discussion from the free spinor field action without surface terms [65] [66] [67] [68] :
One can note that we disregarded the hypersphere S 5 since for our purposes the spinor field does not depend on these coordinates. Besides, in the action (6.2), g is the determinant of the metric of the deformed AdS 5 space, given by (2.4) .
Once we are dealing with fermions in a curved space, one needs to construct a local Lorentz frame or a vielbein. In order to clarify our notation, we will use a, b, c to denote indexes in flat space, and m, n, p, q to denote indexes in curved space (deformed AdS 5 space). In addition, the Greek indexes µ, ν are defined in Minkowski space. Then, a useful choice is: The Levi-Civita connection is defined as:
The corresponding spin connection ω µν m , is given by: ω ab m = e a n ∂ m e nb + e a n e pb Γ n pm . (6.5)
Since only non-vanishing Γ p mn are:
we just have: 7) and all other components vanishing.
The equations of motion are easily derived from (6.2), so that:
Now using (2.4), (6.3) and (6.7), one can write the operator / D in (6.8), so that:
where we used that γ a = (γ µ , γ 5 ), {γ a , γ b } = 2η ab , and Σ µ5 = 1 4 [γ µ , γ 5 ]. Here, γ µ are the usual Dirac's gamma matrices.
The first Dirac equation in (6.8) takes the following form:
where ∂ 5 ≡ ∂ z , z is the holographic coordinate in the AdS space and m 5 is the fermion bulk mass. Considering a solution which can be decomposed into right-and left-handed chiral components, such as: Since the Kaluza-Klein modes are dual to the chirality spinors, one can expand Ψ L/R , so that:
Using (6.12) with (6.11) in (6.10) one gets a set with two coupled equations, such as:
Decoupling Eqs.(6.13) and (6.14) , and using the following changing of variables where M n in Eqs. (6.16) are the four-dimensional fermion masses.
Results for spin 1/2 baryons spectra
In this subsection we will deal with light baryons with spin S = 1/2 formed by u and d quarks. In order to do this, let us consider the following operator on the boundary theory:
where L is the orbital angular momentum. Here we are going to consider only the case L = 0. From the AdS/CFT dictionary one has following relationship for the fermion bulk mass (m 5 ) and its conformal dimension (∆), so that:
As each quark u or d contributes with ∆ = 3/2, then the baryon formed by three quarks has ∆ = 9/2 and consequently m 5 = 5/2. Now replacing m 5 = 5/2 in the Schrödinger-like equation (6.16) and solving it numerically, with the warp factor constant k now identified by k 1/2 = 0.205 2 GeV 2 , one gets the Table 5 . Masses of N (1/2 + ) baryons. The column n = 1, 2, 3, · · · represents the holographic radial excitation. One should note that the ground state here is represented by n = 1. The column M exp represents the experimental data coming from PDG [56] . The column M th represents the masses of N (1/2 + ) baryons with k 1/2 = 0.205 2 GeV 2 obtained within the deformed AdS 5 space approach and using Eq.(6.16). The column %M represents the error of M th with respect to M exp , accordingly to Eq. (4.3).
masses compatibles with the family of N baryon, with I(J P ) = 1/2(1/2 + ), as can be seen in table 5. Note that the error presented in last column of Table 5 we plotted a Chew-Frautschi plane here represented as n × m 2 , where n is holographic radial excitation and m 2 is the squared N (1/2 + ) baryon mass represented by the dots (our model) or squares (PDG) in figure 8 . From a standard linear regression method we obtain the experimental and theoretical Regge trajectories for N (1/2 + ) baryon, so that: As was done for scalar and vector mesons one can resort to the baryonic spectroscopy and try to recognize which baryons among those listed in Table 5 belong to the same spectroscopy state. Following refs. [63, 64] , one can see that the states N (939), N (1440), N (1710) and N (2100) belong to the state D L ≡ (56, 2 8) 0 with spectroscopy radial excitation n r , corresponding to n r = 1, 2, 3, 4, respectively, with orbital angular momentum L = 0. In this notation, D represents the 56-plet which can be broken into an octet with spin 1/2 ( 2 8) and a decuplet with spin 3/2 ( 4 10). For these mentioned states one can plot in a Chew-Frautschi plane here represented as n r × m 2 , where n r is the spectroscopy radial excitation and m 2 is the squared N (1/2 + ) baryon mass belonging to the (56, 2 8) 0 state represented by the dots (our model) or squares (PDG) in figure 9 . From a standard linear regression method we obtain the experimental and theoretical Regge trajectories for N (1/2 + ) baryon in the (56, 2 8) 0 state, so that: Our Model PDG Figure 8 . N (1/2 + ) baryon family squared masses as a function of their holographic radial excitation obtained within the deformed AdS 5 space approach (dots) and coming from PDG (squares), as presented in Table 5 . Note that the Regge trajectory for the N (1/2 + ) baryon belonging to the same multiplet coming from our model, represented by Eq. (6.22), present a Regge slope in the range 1.081 ± 0.036 GeV 2 which is close to the universal value 1.1 GeV 2 [69] . Table 6 . Masses of N (3/2 + ) baryons. The column n = 1, 2, 3, · · · represents the holographic radial excitation. One should note that the ground state here is represented by n = 1. The column M exp represents the experimental data coming from PDG [56] . The column M th represents the masses of N (3/2 + ) baryons with k 3/2 = 0.205 2 GeV 2 obtained within the deformed AdS 5 space approach and using Eq.(6.16). The column %M represents the error of M th , accordingly to Eq. (4.3).
Results for higher spin baryons spectra
Here we are interested in dealing with light baryons, with the same structure as in previous section, and higher spin, meaning S = 3/2 or S = 5/2, for example. To do this we will use the same approach for higher spin glueball as done in subsection 3.1. To get the spectrum for spin 3/2 baryons we will insert symmetrised covariant derivatives in the operator O B given by (6.17) then the conformal dimensions related to the spin 3/2 baryons is now ∆ 3/2 = 11/2, with m 5 = 7/2. Solving Eq. (6.16) with the warp factor constant k now given by k 3/2 = 0.205 2 GeV 2 , one gets the masses compatibles with the family of N baryon, with I(J P ) = 1/2(3/2 + ), as can be seen in table 6. Note that the error presented in last column of table 6 (%M ) was defined in Eq.(4.3). We also compute the total r.m.s error defined by Eq. (4.4) . For table 7 one finds δ rms = 9.00%.
Observing the column (%M ) in Table 6 one can see that errors between M exp and M th are too high, especially for n = 1 and n = 2 states. A possible reinterpretation would be a missing state that represents the ground state for N (3/2 + ) baryons family. Taking into account this assumption, regarding to a possible missing state, one can reinterpret the Table 6 as done in Table 7 , where in the first line we present a possible baryon prediction obtained within this deformed AdS model. Note that the error presented in last column of table 7 (%M ) was defined in Eq.(4.3). We also compute the total r.m.s error defined by Eq. (4.4) . For table 7 one finds δ rms = 2.13%. Of course we have excluded our prediction of the errors calculation. Note that the errors in Table 6 are smaller than in Table 7 .
From Table 7 we plotted a Chew-Frautschi plane here represented as n × m 2 , where n is holographic radial excitation and m 2 is the squared N (3/2 + ) baryon mass represented by the dots (our model), by the triangle (our model prediction) or squares (PDG) in figure  10 . From a standard linear regression method we obtain the experimental and theoretical Regge trajectories for N (3/2 + ) baryons, so that: Table 7 . Masses of N (3/2 + ) baryons. The column n = 1, 2, 3, · · · represents the holographic radial excitation. One should note that the ground state here is represented by n = 1. The column M exp represents the experimental data coming from PDG [56] . The column M th represents the masses of N (3/2 + ) baryons with k 3/2 = 0.205 2 GeV 2 obtained within the deformed AdS 5 space approach and using Eq.(6.16). The column %M represents the error of M th with respect to M exp , accordingly to Eq. (4.3). We presented in the first line a possible baryon prediction within our model. Our Model PDG Our Model prediction Figure 10 . N (3/2 + ) baryon family squared masses as a function of their holographic radial excitation obtained within the deformed AdS 5 space approach (dots), our model prediction (triangle) and coming from PDG (squares), as presented in Table 7 .
Note that the Regge trajectory for the N (3/2 + ) baryon family coming from our model, represented by Eq. (6.24), present a Regge slope in the range 1.081 ± 0.036 GeV 2 which is close to the universal value 1.1 GeV 2 [69] .
At this point we are interested to deal with baryons with spin 5/2. To do this, let us, once again, insert one more symmetrised covariant derivative in the operator O B given by (6.17) . Then, one has the conformal dimension, now given by ∆ 5/2 = 13/2, which provides m 5 = 9/2. Solving Eq. (6.16) with the warp factor constant k now given by k 5/2 = 0.190 2 GeV 2 , one gets the masses compatible with the family of N baryons, with I(J P ) = 1/2(5/2 + ), as can be seen in Table 8 we plotted a Chew-Frautschi plane as n × m 2 , where n is holographic radial excitation and m 2 is the squared N (5/2 + ) baryon mass represented by the dots (our model) or squares (PDG) in figure 11 . From a standard linear regression method we obtain the experimental and theoretical Regge trajectories for N (5/2 + ) baryons, so that: [69] .
At this point it is worth to mention that the numeric values of the warp factor constant k for the baryons studied here are approximately independent of their spin, meaning that k 1/2 = k 3/2 ≈ k 5/2 .
Summary and conclusions
In this section we will summarize our results, and present our conclusions and last comments.
Here in this work we have studied the hadronic spectra based on the holographic model within a deformed AdS 5 space metric meaning that the warp factor is A(z) = − log(z) + kz 2 /2 instead of A(z) = − log(z) as in the pure AdS space. This deformation implies that there is no dilaton field in the action as in the original softwall model.
The main achievement of this work is to provide a model which can accommodate satisfactorily the spectra for even and odd glueballs, scalar (0 + (0 ++ )) and vector mesons (1 + (1 −− )), N baryons with spin 1/2, 3/2 and 5/2 using the same holographic approach. This means that the masses of these mentioned particles, computed using our model, and the derived Regge trajectories are in agreement with the literature. Our Model PDG Figure 11 . N (5/2 + ) baryon family squared masses as a function of their holographic radial excitation obtained within the deformed AdS 5 space approach (dots) and coming from PDG (squares), as presented in Table 8 .
For the even and odd glueball cases, our model seems to work providing good masses, as one can see in Tables 1 and 2 if compared with other approaches (for a summary with even and odd spin glueball masses from lattice and other models, see for instance refs. [51] [44]). The computed the masses for higher even and odd spin glueballs were placed in a Chew-Frautschi plane m 2 × J. We derived the Regge trajectories related to the pomeron and the odderon in agreement with the literature.
Our model seems to work for scalar mesons providing good masses for the f 0 (0 + (0 ++ )), as one can see in table 3, if one compares with the data coming from PDG [56] . The obtained Regge trajectory coming from m 2 × n is compatible with the one coming from the holographic softwall model [57, 58] . Using the spectroscopy data for the scalar mesons we could split them into two sets. The first one only contains nn = 1/ √ 2(uū + dd) while the second one only contains ss. For these sets we derived Regge trajectories in m 2 × n r which is compatible with the literature [59, 62] .
For the vector meson ρ(1 + (1 −− )) our model provided good masses as shown in table 4 compared with PDG. The obtained Regge trajectory coming from m 2 ×n is compatible with the one coming from the holographic softwall model [57, 58] . Using the spectroscopy data for the vector mesons we selected the S−wave states and derived their Regge trajectory in m 2 × n r which is agreement with the literature [59, 62] .
Our model also provides good masses for N (1/2 + ) baryon, as can be seen in table 5, compared with PDG. In this case we also have used the baryonic spectroscopic data to select states in the same multiplet, just varying their radial excitation. From these states we derived the Regge trajectory compatible with the literature [69] .
For the N (3/2 + ) baryon we found not so good results for the masses as can be seen in table 6 . These results could be improved if we introduce a hypothetical baryonic state in order to occupy the ground state (table 7) . Using this assumption the errors decrease and the derived Regge trajectory is compatible with the literature [69] .
Finally, for the N (5/2 + ) baryon our model provide good masses as can be seen in table 8, if compared with PDG and the Regge trajectory is in a reasonable agreement with the [69] .
It is important to note that in our model the warp factor is the same for all particles studied here, up to the constant k. This is in contrast with [25] which has different warp factors for each kind of particle. In our case, for even and odd glueballs the value of k is the same, k gbe = k gbo = 0.31 2 GeV 2 . For scalar and vector mesons we found that k vm ≈ 3k sm , as discussed at the end of subsection 5.1. For the baryonic case, we found k 1/2 = k 3/2 ≈ k 5/2 .
The Regge trajectories presented in this work related to hadronic spectroscopy for scalar mesons (4.8), (4.10), vector mesons (5.10), and baryons (6.22), (6.24), (6.26) points towards a universal Regge slope around 1.1 GeV 2 in accordance with the literature [59, 62, 69, 70] .
